
Improving representativeness in trials: a call 
to action from the Global Cardiovascular 
Clinical Trialists Forum
Lynaea Filbey 1, Jie Wei Zhu 1, Francesca D’Angelo1, Lehana Thabane 2,3,4,5, 
Muhammad Shahzeb Khan6, Eldrin Lewis7, Manesh R. Patel6, 
Tiffany Powell-Wiley8,9, J. Jaime Miranda 10, Liesl Zuhlke 11, Javed Butler 12,13, 
Faiez Zannad 14,15,16, and Harriette GC Van Spall 1,2,3,5*
1Department of Medicine, McMaster University, 20 Copeland Avenue, David Braley Research Building, Suite C3-117, Hamilton, ON L8L 0A3, Canada; 2Research Institute of St. Josephs, St. 
Joseph’s Healthcare Hamilton, 50 Charlton Ave E, Hamilton, ON L8N 4A6, Canada; 3Population Health Research Institute, 237 Barton St E, Hamilton ON L8L 2X2, Canada; 4Faculty of 
Health Sciences, University of Johannesburg, 1 Bunting Road, FADA Building, Johannesburg, Gauteng 2092, South Africa; 5Department of Health Research Methods, Evidence, and Impact, 
McMaster University, 1280 Main St W, McMaster University Medical Centre, 2C Area, Hamilton, ON L8S 4K1, Canada; 6Division of Cardiology, Duke Clinical Research Institute, 300 W 
Morgan Street, Duke University School of Medicine, Durham, NC 27701, USA; 7Cardiovascular Division, Stanford University School of Medicine, 291 Campus Drive, Li Ka Shing Building, 
Stanford, CA 94305-5101, USA; 8Social Determinants of Obesity and Cardiovascular Risk Laboratory, Cardiovascular Branch, Division of Intramural Research, National Heart, Lung, and 
Blood Institute, National Institutes of Health, 31 Center Drive, Building 31, Bethesda, MD 20892, USA; 9Intramural Research Program, National Institute on Minority Health and Health 
Disparities, National Institutes of Health, 6707 Democracy Boulevard, Suite 800, Bethesda, MD 20892-5465, USA; 10CRONICAS Center of Excellence in Chronic Diseases, Av. Armendariz, 
2nd floor, Miraflores 15074, Lima, Peru; 11South African Medical Research Council and Division of Paediatric Cardiology, University of Cape Town and Red Cross Memorial Children’s 
Hospital, Klipfontein Road, Rondebosch, Cape Town, Western Cape 7700, South Africa; 12Department of Medicine, University of Mississippi Medical Center, 2500 North State Street, 
Jackson, MS 39216, USA; 13Baylor Scott and White Research Insistute, 3434 Live Oak St, Suite 501, Dallas, TX 75204, USA; 14Centre d’Investigations Cliniques Plurithématique 1433, 
Université de Lorraine, 4 rue du Morvan, ILM, ground floor, Vandoeuvre-des-Nancy, Meurthe-et-Moselle 54500, France; 15Institut National de la Santé et de la Recherche Médicale 1116, 
Centre Hospitalier Régional, 18 av Mozart, Marseille, Bouches-du-Rhône 13276, France; and 16Investigation Network Initiative-Cardiovascular and Renal Clinical Trialists, Universitaire de 
Nancy, French Clinical Research Infrastructure Network, 4 rue de Morvan, Vandoeuvre-des-Nancy, Meurthe-et-Moselle 54500, France

Received 29 July 2022; revised 24 November 2022; accepted 20 December 2022; online publish-ahead-of-print 25 January 2023

Abstract

Participants enrolled in cardiovascular disease (CVD) randomized controlled trials are not often representative of the population living with the 
disease. Older adults, children, women, Black, Indigenous and People of Color, and people living in low- and middle-income countries are 
typically under-enrolled in trials relative to disease distribution. Treatment effect estimates of CVD therapies have been largely derived from trial 
evidence generated in White men without complex comorbidities, limiting the generalizability of evidence. This review highlights barriers and facil-
itators of trial enrollment, temporal trends, and the rationale for representativeness. It proposes strategies to increase representativeness in CVD 
trials, including trial designs that minimize the research burden on participants, inclusive recruitment practices and eligibility criteria, diversification of 
clinical trial leadership, and research capacity-building in under-represented regions. Implementation of such strategies could generate better and 
more generalizable evidence to reduce knowledge gaps and position the cardiovascular trial enterprise as a vehicle to counter existing healthcare 
inequalities.

* Corresponding author. Tel: +905 521 2100 X40601, Fax: +905 297 3785, Email: Harriette.VanSpall@phri.ca
© The Author(s) 2023. Published by Oxford University Press on behalf of the European Society of Cardiology. All rights reserved. For permissions, please e-mail: journals.permissions@oup.com

European Heart Journal (2023) 44, 921–930 
https://doi.org/10.1093/eurheartj/ehac810

STATE OF THE ART REVIEW 
Clinical trials

https://orcid.org/0000-0002-8858-7584
https://orcid.org/0000-0001-7251-8114
https://orcid.org/0000-0003-0355-9734
https://orcid.org/0000-0002-4738-5468
https://orcid.org/0000-0003-3961-2760
https://orcid.org/0000-0001-7683-4720
https://orcid.org/0000-0001-7456-1570
https://orcid.org/0000-0002-8370-4569
mailto:Harriette.VanSpall@phri.ca
https://doi.org/10.1093/eurheartj/ehac810


. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Graphical Abstract

Suboptimal recruitment
and consent processes

Restrictive
eligibility criteria

Burdensome 
follow-up processes

Homogeneous
trial leadership

Inadequate regional
research capacity

Inadequate
accountability

Targeted, culturally
competent recruitment

Inclusive eligibility
and consent

Patient-centered
processes

Diverse trial
leadership

Stronger research
infrastructure

Transparent
reporting

Create accessible and
multilingual recruitment
material

Use clinic-based, community-
based and virtual recruitment

Consider adaptive
recruitment strategies

Provide cultural competency
training for frontline
personnel

Select recruitment sites
strategically 

Lack of cultural
competence in recruitment
and consenting processes

Inability to address
participant concerns

Language and cultural
barriers

Recruitment in inaccessible
ambulatory settings 

Engage with community
advisory boards and
patient advocacy groups

Minimize and reimburse
costs of participation

Consider integration of
trial with registry or
administrative data to
determine clinical
outcomes

Inadequate compensation
for trial participation

caregiving responsibilities

High time and cost of
attending in-person visits

Suboptimal adherence to
guidance from regulatory
and funding agencies for
representative enrollment

Report consent rates
by demographic
characteristics

Use subgroup analysis

under-represented
groups 

funding

Lack of research
infrastructure - health
information technology,
biobank, laboratory
capacity

Inadequate research
expertise, networks,
collaborations

Promote research
readiness

Collaborate with local
citizens to identify
barriers to participation

Invest in electronic
medical research records,
research facilities,
databases and other
resources that strengthen
research capacity 

Trial leadership teams
composed of men-only
researchers

Trial leaders geographically
based in Europe and/or
North America

Ensure equal access to
training, mentorship,
funding and advancement
opportunities for under-
represented researchers

Build diverse collaborative
networks with attention to
gender, geography, ethnicity

women (including those
pregnant or lactating),
older adults or children

Ineligibility due to
comorbidities or
language barriers

exclusion criteria

Avoid using language,
education level, cognitive
ability and socio-economic
status as eligibility criteria

Use person-centered
consent process
including digital consent

Consider inclusion of
next of kin or informal
caregivers in discussion

Barriers to enrollment of diverse populations and strategies to achieve representative enrollment in cardiovascular clinical trials.

Keywords Clinical trials • Equity, diversity, and inclusion  • Health equity • Research equity • Trial representativeness • Trial 
eligibility

Introduction
Cardiovascular disease (CVD) remains a leading cause of morbidity and 
mortality worldwide, affecting both sexes equally and with a dispropor-
tionate burden on older individuals and those living in low- and 
middle-income countries (LMICs). Trials with relatively homogeneous 
participants who are at risk of the outcome but have no complex co-
morbidities can be efficient, provide precise estimates of treatment ef-
fect, and maximize the estimated safety of an intervention. Adequate 
and timely enrollment is important to ensure that trials are completed 
on time and under budget; this remains a major focus of clinical trialists. 
However, trials should enroll participants who are representative of 
those living with the disease to ensure that estimates of treatment ef-
fect and safety are generalizable; subgroup analyses to assess for treat-
ment interactions with relevant variables can be undertaken,1–3 and 
that communities can benefit from the research infrastructure and 
quality healthcare facilitated by trials4,5 There are also ethical and moral 
arguments for representativeness among research participants.1–5

Finally, enrolling more representative populations would support the 
broad and rapid adoption of trial results into communities and lead 
to more equitable improvement in health (Figure 1).

Despite increasing awareness of the importance of representative-
ness, participants enrolled in CVD randomized controlled trials 
(RCTs) remain largely homogeneous, leaving certain groups consistent-
ly under-represented relative to disease distribution (Figure 2).1,4–10

While timely, efficient enrollment is often seen as a tradeoff in achieving 
a representative trial population, it does not have to be. This narrative 

review summarizes the evidence regarding trends in CVD trial enroll-
ment and strategies that may increase representativeness in clinical trial 
populations.

Under-represented groups 
in cardiovascular disease trials
Older adults and children
Older adults are underrepresented in CVD trials despite having the 
greatest burden of CVD and a growing need for evidence-based cardio-
vascular care.3 While the incidence of many CVDs increases with age, 
older adults are commonly excluded from clinical trials due to concerns 
about comorbidities, drug-drug interactions, and decline in physical and 
cognitive ability.3 As a result, clinical decisions are often informed by evi-
dence from trials involving younger, less comorbid patients in whom es-
timated treatment efficacy and safety estimates may be different. In 
recent years, there has been no significant increase in enrollment of old-
er adults, with only two large CVD trials specifically targeting older 
adults with heart failure (HF).11,12 Furthermore, in a review on pharma-
cological management of ischemic heart disease, 53% of 839 clinical 
trials excluded older adults, most commonly over age 75 or 80.13

Given the later age of onset of CVD and HF in women, exclusion of old-
er individuals may exacerbate the under-enrollment of women in 
RCTs.14

While pediatric cardiac conditions including congenital heart disease 
and cardiomyopathies have a growing global burden with downstream 
sequelae, children are underrepresented in cardiovascular trials. 
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Rigorous studies examining the efficacy of medications used in children 
with heart disease are lacking and most cardiovascular medications are 
currently not labeled for pediatric use. Less than 25% of Food and Drug 
Administration (FDA) approved drugs have sufficient pediatric data to 
support their dosing, safety, and efficacy in children.15 A study of over 
30 000 children hospitalized with cardiovascular conditions revealed 
that 78% received more than one off-label cardiovascular medication.16

Treatment decisions in children tend to be based on clinical experience, 
smaller observational studies, or extrapolation from adult data rather 
than primary evidence. RCTs are important to establish dosing and 
to generate evidence on the benefits and toxicities of cardiovascular 
drugs in children. The reliance on anecdotal evidence and observational 
data to establish the safety and effectiveness of therapies—and the 
withholding of possibly effective therapies—puts children at greater 
risk than does the closely monitored setting of a clinical trial.

People of all ages living with physical and cognitive limitations are also 
underrepresented in clinical trials.17 This extends to trials of healthcare 
services, which may be particularly relevant in people with varying abil-
ities.17 Further research specific to the gaps in the representation of 
people with disabilities in CVD research is needed.

Women
Despite widespread acknowledgement of the under-representation of 
women in CVD clinical trials relative to disease prevalence and the implica-
tions on trial generalizability, little progress has been made.2,4,6,9,18 Between 
2000 and 2019, there were no significant changes in the representation of 
women in HF trials, with women constituting only 25% of total participants, 
despite accounting for approximately 40% of the disease population.6

Under-representation of women relative to disease burden also occurred 

in trials for lipid-lowering therapies in coronary heart disease.19 The evi-
dence to inform drug, device, and procedural treatment decisions in 
women is often extrapolated from trials with a large proportion of 
middle-aged men; effect estimates often do not adequately reflect sex dif-
ferences in pathophysiology, risk factors, drug metabolism, and coronary 
artery, cardiac chamber, or vascular size.4 These sex differences are rele-
vant in treatment responses to medical and surgical interventions, including 
cardiac or vascular device implantations, coronary revascularization, valve 
replacement, and arrhythmia ablation; and often surface after years of ob-
servational data have accrued from clinical settings.

Pregnant and/or lactating women are not represented in most CVD 
trials due to outdated protection-by-exclusion ideologies.1 The exclu-
sion of pregnant and lactating women from trial participation - often 
automatic and unjustified in the context of the individual trial - leaves 
them vulnerable, with little high quality data to inform their care. In clin-
ical settings, they are often offered historic treatments based on evi-
dence generated from observational data or from consensus of 
experts.20 Indeed, guideline recommendations for most cardiovascular 
conditions in pregnancy or lactation are informed by level C evidence.20

To date, pregnant and lactating women remain susceptible to the dual 
risk of having potentially effective treatments withheld or receiving 
treatments that may have different efficacy and safety profiles than es-
timated in the clinical trials that excluded them.

Trial reporting on sex or gender does not include transgender indivi-
duals,21 who are marginalized in clinical care and face a higher risk of poor 
outcomes due to social factors and gender-affirming hormone therapy.22

Gender - a psychosocial construct that is self-identified - is rarely en-
quired about or considered in clinical trials. There remain significant 
knowledge gaps in treatment effect and health outcomes in gender-di-
verse individuals living with CVD.

Figure 1 Benefits of representativeness in cardiovascular clinical trials.
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Black, Indigenous, and People of Color
Although many CVDs disproportionally affect Black, Indigenous, 
People of Color (BIPOC), race and ethnicity data are under- 
reported and BIPOC participants remain underrepresented in 
CVD RCTs.8,9,19,23 Race and ethnicity are primarily social constructs 
that may influence treatment effects and adverse events via differ-
ences in ancestry, comorbidities, socioeconomic status, healthcare 
access, and quality of care received. There are differences in the me-
tabolism of some drugs due to unique genetic polymorphisms iden-
tified across ethnic groups, and these can influence treatment 
response.23 For example, Chinese Americans have a higher inci-
dence of angiotensin-converting enzyme inhibitor-induced cough 
than others in the population.24 Differences in clotting factors and 
enzyme mutations impact response to anticoagulants, with evidence 
suggesting that Asian individuals may require lower doses and Black 
and Hispanic individuals may require higher doses.25 These differ-
ences highlight the importance of representative enrollment and re-
porting of race or ethnicity data in clinical trials. However, only a 
minority of HF and atrial fibrillation trials published in recent 
years reported race or ethnicity data.8,26 Among trials that did re-
port race/ethnicity data, BIPOC individuals were consistently under- 
represented.8,19,23 A review of acute coronary syndrome RCTs de-
monstrated that BIPOC individuals accounted for <25% of all en-
rolled participants.23 The under-enrollment of BIPOC in 
cardiovascular drug trials is more pronounced in Europe than in 
North America; between 2015 and 2016, Black participants ac-
counted for 14.5% of United States-based cardiovascular drug trials 
and 1.3% of non-US participants (primarily European).27 These find-
ings are consistent with an analysis of multi-national diabetes trials, 
which found a 10-fold greater proportion of BIPOC individuals re-
cruited in trials led in North America vs. Europe.28

People in low- and middle-income countries
While treatments could translate to the greatest reduction in mortality 
and morbidity in LMICs, where CVD cases and deaths are the greatest, 
individuals from these countries are the least represented in CVD clin-
ical trials.7,29 By engaging centers in LMICs in multinational clinical trials, 
investigators can expand their research networks, test interventions in 
lower resource settings, obtain services at lower relative costs, 
potentially enroll larger volumes of patients per center, improve care 
by virtue of trial enrollment, and help strengthen research capacity.7

However, a review examining 414 HF RCTs found that <25% of trials 
recruited participants from outside Europe and North America and 
that North America and Europe were overrepresented in trials relative 
to the global burden of disease.7 Only 3% of trials recruited participants 
from Africa, which had the lowest participant-to-prevalence ratio (0.1) 
among the world’s inhabited continents.7 Without regional evidence, 
treatment strategies do not adequately account for important differ-
ences in risk factors, etiologies, and access to health services, and health 
decisions are based on studies that are not readily generalizable.29,30

Because of limitations in trial reporting, the representation of indivi-
duals with intersectional identities that are under-represented in trials, 
for example, BIPOC women in LMICs, is unknown.

Barriers to representative trial enrollment
There are numerous barriers that may limit the enrollment of certain 
demographic groups in CVD clinical trials.

Historic marginalization of Black, Indigenous and 
People of Color
Ongoing mistrust of scientific research discourages some underrepre-
sented communities from participating in trials and engaging with 

Figure 2 Under-represented groups in cardiovascular randomized clinical trials.
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healthcare systems, although this may vary across countries. The 
Tuskegee study of the natural history of untreated syphilis in Black 
men and the propagation of tissue from Henrietta Lacks without consent 
are just two examples of the harm inflicted on Black people in research.31

Indigenous people have been similarly harmed by unethical research, in-
cluding malnutrition experiments in starving children in Canadian resi-
dential schools.31 There is awareness of structural racism in healthcare 
and research settings, particularly in the USA, but discrimination persists. 
This perpetuates distrust of research among some demographic groups, 
likely posing a barrier to clinical trial participation.31,32

Recruitment and consent
Recruitment in ambulatory settings is independently associated with the 
under-enrollment of women in CVD trials,6 and may be related to sex or 
gender differences in access to specialized ambulatory care clinics.4,8 A 
lack of cultural competence in trial recruitment strategies can also serve 
as a barrier.29 For example, participants must often be fluent in English to 
engage in conversations about trials or consent to trial participation.1

The role of consent in the under-representation of specific demo-
graphic groups in clinical trials is largely unknown.15,20 Ethical issues 
around informed consent by proxy may serve as a particular challenge 
in pediatric trials;15 parents may be hesitant to enroll their children due 
to concerns around allocation to a placebo group with no benefit or to 
an intervention group with potential harm. Similar fears pertain to preg-
nant or lactating women, who may decline consent due to possible 
harm from an intervention to their fetus or breastfeeding child.6,20

Eligibility criteria
Restrictive eligibility criteria can limit the participation of equity- 
deserving groups including older adults, children, and wo-
men.1,6,10,15,19,20 Eligibility criteria are used in trials to select patients 
who are most likely to respond to intervention and least likely to ex-
perience adverse effects, whilst accruing the events required to demon-
strate treatment effect to promote trial efficiency. Certain groups of 
patients must be excluded from trial participation based on the scien-
tifically plausible risk of harm. However, when trial exclusion criteria 
are too broad and without adequate justification, results may not be 
generalizable to large portions of the population living with the disease. 
In RCTs published in major medical journals over a 12-year span, age 
was the basis of exclusion in 72% of all trials with adults over 65 ex-
cluded from 38.5% of trials and children under 16 excluded from 
60.1% of trials; age-related exclusion criteria were poorly justified in 
78.4% of these trials.1 Patients were also commonly rendered 
trial-ineligible due to comorbid conditions like physical disabilities, cog-
nitive impairment, polypharmacy, and visual/hearing deficits that are 
common in older adults.1 Additionally, a review of 283 trials published 
in major medical journals showed that 39% of studies excluded patients 
on the basis of sex-specific criteria, 10.6% on the basis of communica-
tion or language barriers, and 2.1% on the basis of ethnicity.1 The wide-
spread use of sex-specific exclusion criteria—not only pregnancy and 
lactation but also the presence of a functioning uterus or the lack of 
birth control—renders a large subset of women ineligible for clinical 
trial participation and is independently associated with the under- 
enrollment of women after adjusting for other trial design factors.6,20

A review of 317 HF RCTs showed that sex-specific exclusion criteria 
were present in 81 (26%) trials, none of which provided justification 
for their use of sex-specific exclusion criteria.6 These sex-specific exclu-
sions are common even in exercise trials among healthy participants.33

The widespread conflation of pregnancy with lactation in exclusion 

criteria is another concern as drugs that may be teratogenic may not 
be secreted in breast milk, and vice versa. The research paternalism 
that commonly excludes women in childbearing years from trial partici-
pation, regardless of the intervention and regardless of the feasibility of 
pregnancy, has been accepted without question.20

Follow-up processes
Research burden placed on participants can pose financial and social 
barriers to their participation. The time and cost of attending frequent 
in-person follow-up visits may be more difficult for individuals who 
face socioeconomic deprivation, are caregivers to dependents, or 
who rely on others for transportation.2,3 Importantly, there is inter-
sectionality between socioeconomic deprivation and under- 
represented sex and racial or ethnic groups. Lost wages and travel ex-
penses may disproportionately affect these groups.2,3 These effects 
may be exacerbated for individuals from rural regions.

Homogeneous trial leadership
The gender and geographic location of trial leaders are independently 
associated with the composition of trial participants. In a bibliometric 
analysis of trials published over two decades, men-only trial leadership 
teams were independently associated with the under-enrollment of 
women participants relative to trials with at least one woman leader 
(OR 1.32, 95% CI, 1.12–3.54; P = 0.047).6 In another bibliometric re-
view, trial leadership by at least one woman was independently asso-
ciated with an 8.4% (95% CI, 1.9%–15%; P = 0.013) increase in BIPOC 
enrollment and twice the odds of reporting race and ethnicity data 
(OR 2, 95% CI, 1.1–3.8; P = 0.028) relative to trial leadership by 
men-only teams.6,8 Reasons for this are unclear and may include pur-
poseful attention to cultural competency, inclusion of under- 
represented groups, and designs that minimize participant research 
burden in trials led by women, although these need further explor-
ation.6–8 In another systematic review, trial leadership outside 
Europe and North America was independently associated with 
10-fold odds of enrollment in regions outside Europe and North 
America, possibly due to greater local access to recruitment pools.7

Benefits of diverse trial leadership may extend beyond trial represen-
tativeness; diverse trialists are more likely to have diverse authorship 
teams and steering committees,34 may ask research questions and de-
sign trial protocols that address the needs of under-represented po-
pulations, and may work to increase research capacity, infrastructure, 
and human capital in diverse communities.8,31

Limited research infrastructure
Inadequate research infrastructure in LMICs and in some rural regions in 
higher income countries are barriers to trial participation. The World 
Health Organization found that while 7% of African countries have mod-
erately developed research capacity, >90% have minimal or no research 
capacity.30 With insufficient funding, limited electronic health records, bio-
banks, and data management systems, and public uncertainty in research, 
there are few locally-led trials to recruit participants in under-resourced re-
gions.30 Industry sponsors have little incentive to enroll patients in LMICs, 
even those in which significant progress has been made in research capacity 
building and regulatory frameworks. While international research colla-
borations have become more common, some high-income researchers 
have been criticized for employing a paternalistic ‘hit-and-run’ research 
approach in low-income countries without promoting sustainable capacity 
development, meaningfully involving local investigators, or addressing ques-
tions relevant to local populations.30
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Strategies to increase representativeness 
of cardiovascular disease clinical trial 
participants
Despite efforts from regulatory and funding agencies to promote rep-
resentative enrollment in clinical trials beginning in the 1990s, progress 
has been slow. The United States FDA has published guidance for spon-
sors to promote representative enrollment, while the National 
Institutes of Health (NIH) ties funding to the inclusion of women and 
diverse racial and ethnic groups in trials.35–37 Similar guidance docu-
ments for representativeness and for sex and gender based analysis 
have been published in the United Kingdom by the National Institute 
for Health and Care Research and in Canada by the Canadian 
Institutes of Health Research.38–40 Despite these recommendations, 
trials continue to have inadequate representativeness. Among 142 
NIH-funded RCTs published in 2015, only 13% of trials analyzing or re-
ported outcomes by race or ethnicity, and 15% of trials enrolled <30% 
of women.41 Temporal trends in the enrollment of women in HF trials 
published in high impact journals have not changed over 20 years, al-
though enrollment of BIPOC and reporting of results according to 
sex or gender and race or ethnicity has increased.6,8,21

Several multi-level strategies could increase the representative en-
rollment of participants in CVD RCTs. Importantly, the knowledge 
gaps in any under-represented group are likely amplified in individuals 
with overlapping marginalized identities, such as female patients who 
are BIPOC.31 As such, trial teams should pay particular attention to in-
cluding individuals with intersectional identities in clinical trials.

Trial level strategies
Clinical trials can be designed to increase representativeness, with pur-
poseful strategies applied at each trial step. Community-based partici-
patory research and engagement of people with lived experience as 
research partners and steering committee members can be useful in im-
proving trial design and enhancing trust in the research enterprise. 
Collaboration with community advisory boards and patient advocacy 
groups can inform research questions, enhance trial recruitment, and 
improve knowledge dissemination and implementation in the 
community.42

Recruitment strategies can be designed to promote diversity. 
Meaningful research partnerships between trial teams, patients, and 
community organizations can effectively engage under-represented 
communities, build trust, and address the socioeconomic and cultural 
factors that influence patient willingness to participate in trials. 
Recruitment strategies that include digital platforms and community- 
based settings can aid in diversifying participants. The use of digital com-
munication tools provides opportunities to increase the scale of clinical 
trials and eliminate barriers created by in-person recruitment. 
Mobile-application-based recruitment approaches can be effective in in-
creasing gender, race, and ethnicity representativeness.43 Trial sites can 
be selected strategically to increase the enrollment of historically mar-
ginalized groups. Machine learning algorithms can be used to connect 
eligible patients to trials through the use of natural language processing 
which could be used to analyze clinical trial databases and electronic 
medical records, identify eligible patients based on demographics, and 
connect them to the right trials.44 Adaptive enrichment strategies based 
on interim analysis of who is enrolled could help shift recruitment ef-
forts towards groups that are under-represented.

Input from patient partners could be used to create recruitment ma-
terials that are tailored to the cognition, literacy, language, and culture 

of individuals living with the disease in the region of recruitment; the 
costs associated with translation can be a deterrent but should be con-
sidered an ethical and scientific obligation and accounted for in grant 
funding requests. Finally, adaptive recruitment strategies, which provide 
the opportunity to continuously modify recruitment strategies to meet 
participant diversity targets, could be considered.2 Prioritizing inclusiv-
ity and cultural competence in all study processes and materials may not 
only enhance diverse enrollment, but also translate to better adherence 
to the intervention and better trial retention.

Pragmatic and well-justified eligibility criteria can facilitate more rep-
resentative enrollment.1 Sex-specific eligibility criteria that broadly ren-
der women of childbearing age ineligible should be eliminated; 
categorical exclusions of pregnancy and lactation should be justified 
by biological probability or pre-trial evidence of harm.1,6 Similarly, ex-
clusion criteria based on age and comorbidities should be adequately 
justified (Table 1) and those based on language, race or ethnicity, edu-
cation level, socioeconomic status, cognitive ability, physical ability, writ-
ten or spoken language ability, or chronic health conditions should be 
avoided.1 When there is uncertainty regarding the safety of interven-
tion in certain populations, experts (e.g. obstetrical specialists for trials 
involving pregnant women) could be consulted and included in the trial 
committees.

Consent processes that are carefully designed to match the needs of 
the participants, accounting for health literacy, language, culture, and le-
vel of education, can promote the engagement of diverse individuals. 
Positive patient- or family-facing interactions in the consent process 
may help potential participants make better informed decisions regard-
ing trial participation.15,45 This may be especially important in BIPOC 
patients, women, and other marginalized individuals who exhibit mis-
trust in medical research due to systemic discrimination. Digital consent 
tools can make the research consent process more accessible to some 
and can be offered based on patient preference.

Efforts can be made to reduce the unique barriers to follow-up that 
individuals of diverse identities face when participating in clinical 
trials.29,30 Consulting with patients, community organizations, and lo-
cal healthcare workers may provide trial teams with a better under-
standing of the unique barriers to trial participation and follow-up 
that some groups face. Solutions for these barriers may include reim-
bursing participants for costs associated with transportation and 
childcare, offering flexible clinic hours, utilizing remote follow up 
when possible, and accommodating individuals with physical and cog-
nitive disabilities. Site-less trials are becoming more popular and rely 
exclusively on virtual encounters.46 Trials can be embedded in regis-
tries or administrative datasets for clinical outcomes such as death 
or hospitalization to be determined without research burden on 
patients.47,48

Meaningful analysis and transparent reporting could better inform 
the care of diverse patients living with the disease. Subgroup analysis 
and tests for effect modification can provide evidence on whether 
treatment effects vary by subgroups in the trial population. 
Demographic characteristics that may affect prognosis or treatment ef-
fects should be thoroughly investigated. Tools like the Instrument for 
assessing the Credibility of Effect Modification Analyses (ICEMAN) 
can aid this analysis.49 Trial reporting should include baseline character-
istics disaggregated by demographic variables like sex and race/ethnicity. 
Furthermore, reporting consent rates by demographic variables, and 
reflecting on potential barriers to consent for different groups may 
be fruitful in promoting inclusion in future trials.6,21 Adequate analysis 
and reporting, along with pooled analyses of conceptually similar trials, 
may generate more robust and generalizable forms of evidence.
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Institutional level strategies
Equal opportunity in academic settings can promote better representa-
tion of diverse populations in clinical trial leadership. Diversity amongst 
trial leaders facilitates gender, racial, and ethnic representation in CVD 
clinical trials. To harness the strength of women and BIPOC as clinical 
trial leaders, academic settings should create an inclusive and equitable 
institutional culture, including research salary support, advancement, 
and mentorship opportunities to build and maintain capacity for wo-
men and diverse researchers (Figure 3). By conducting rigorous longitu-
dinal monitoring of inequities within their organizations, institutions can 
better identify and address gaps that disadvantage women and BIPOC 
researchers. A culture of respect and accountability not only helps cur-
rent women and BIPOC in the field but also encourages more diverse 
learners to pursue cardiovascular research.

Cultural competency training can create trial teams that are well- 
equipped to understand the unique needs of diverse trial populations.31

Staff on a culturally competent trial team will understand historical and 

current health inequities and the ways that research can alleviate 
them.31 Cultural humility—reflecting on one’s own cultural identity 
and aiming to unlearn cultural beliefs deeply rooted in global power im-
balances—can provide researchers with a perspective that cracks the 
ethnocentric lens through which Western research is conducted.31

For example, the trial team testing a digital health intervention spent 
time understanding the values of African American women at risk of 
CVD.50 This involved creating a community advisory board with mem-
bers from faith-based and community organizations to help with trial 
design and execution, consulting with community members on appro-
priate cultural messaging for the intervention, and recruiting partici-
pants through churches and community centers.50

Training a diverse group of clinical trialists may promote more equit-
able trials in the future. The CardioVascular Clinical Trialists (CVCT) fel-
lowship program and the US National Heart, Lung, and Blood Institute 
(NHLBI) support the development of early career researchers from un-
derrepresented backgrounds, providing awardees the opportunity to 
serve on trial steering committees.51 Societies such as the American 
College of Cardiology and American Heart Association as well as catalyst 
organizations provide diverse investigators with short training courses 
and networking opportunities. The European Society of Cardiology of-
fers a master’s degree in clinical trials, with a focus on applicants from 
under-represented regions of the world.10 Individual scientists can 
make a difference by funding individuals from under-represented regions 
of the world to train as clinical trialists; the senior author of this manu-
script has started such a fellowship program.

Global level strategies
Increasing the representativeness of CVD trials worldwide involves action 
at the global level to improve infrastructure in regions with low research 
capacity. Strategies to increase research capacity involve international re-
search collaboration, citizen engagement, and promoting research readi-
ness in the healthcare system.30 International collaboration that builds 
sustainable and equitable partnerships can provide better access to funding 
and technology, improve representative trial enrollment, increase inter-
nationally recognized scientific output, and investigate research priorities 
that are pertinent to the local population.7,29,30 Global organizations like 
the CVCT Middle East, Mediterranean, and Africa (CVCT-MEMA) aim 
to connect stakeholders, promote collaboration, and enhance research 
capacity in the area. The necessary human capital and expertise to lead 
CVD trials can be fostered by increasing opportunities for remote re-
search training and fellowships, exchange programs, and visiting professor-
ships. Grants and traveling fellowships from high-income countries, 
pharmaceutical, and device companies, or professional societies could pro-
vide a promising solution to improving local LMIC research capacity.7,29,30

Action at the global level should involve a funding policy that incen-
tivizes representative trial enrollment and encourages accountability. 
Industry and grant funding agencies such as the US NHLBI and Global 
Alliance for Chronic Disease can ensure more equitable policies by ex-
plicitly requiring the inclusion of locally situated investigators for multi-
center trials to ensure adequate representation.51 Although industry 
sponsors have started to recognize the importance of adequate re-
presentation by instating a Chief Diversity Officer, further transparency 
with clearly outlined goals and responsibilities is required in order to 
ensure accountability and progress.30

A call to action: enrollment and reporting
We call on the global scientific community to prioritize representative 
inclusion in CVD clinical trials. By implementing strategies throughout 
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Table 1 Justification scheme for eligibility criteria being 
considered for an RCT. Adapted from Van Spall HGC, Toren A, 
Kiss A, Fowler RA. JAMA 20071

Adequate justification for 
exclusion

Inadequate justification 
for exclusion

Lack of consent 
Trial participation is likely to cause 
harm 

- There is unacceptable or 
known risk of harm from 
the intervention 

- There is unacceptable risk of 
harm from withholding 
the intervention (i.e. allocation 
to placebo)  

Individual is unlikely to receive 
any benefit from the intervention 

- Individual is unlikely to 
have the condition of interest or 
a phenotype that will respond to 
the intervention 

- Individual is not at risk for 
the outcome during the follow- 
up period 

- Individual is at imminent risk of 
death or the outcome 
(unmodifiable risk)  

Effect of intervention will be difficult 
to interpret 

- Individual is unlikely to adhere to 
the trial protocol 

- Individual has a cointervention 
that will influence the treatment 
effect 

- Individual has a comorbidity that 
will make treatment response 
difficult to detect

Is not an adequate 
justification for exclusion 

AND 
Exclusion is based on ≥ 1 of 
the following factors: 

- Age 
- Sex 
- Sex-specific conditions 

(menstruation, 
pregnancy, lactation) 

- Racial, ethnic, or religious 
background 

- Spoken or written 
language ability 

- Educational background 
- Socioeconomic status 
- Cognitive ability or IQ 
- Physical ability or disability 
- Chronic health condition
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the research enterprise, the CVD clinical trial landscape can become 
one that serves the entire population equitably. We encourage trial-
ists and institutions to hold themselves accountable to this goal and 
suggest a 5-year timeframe for clinical trials to achieve representative 
enrollment with a participant-to-prevalence ratio of 0.8–1.2 for age, 
sex, and ethnicity in a given region. A participant-to-prevalence ratio 
in this range ensures that trial participants reflect those living with the 
disease. Over this time, we advocate for an approach that improves 
trial design, analysis, and results. Meaningful improvements in trial de-
sign first require the identification of key demographic variables per-
taining to a research question and evaluation of their potential effect 
on prognosis and treatment. Trial teams should adopt inclusive re-
cruitment strategies, eliminate unjustified exclusion criteria, and re-
duce barriers to trial participation. Trials should report results that 
inform the care of populations living with the disease by reporting 
baseline characteristics that include sex or gender, race or ethnicity, 
and regional enrollment. Consent rates could be disaggregated 
by demographic groups to assess the role of consent in 
under-representation of some groups.21 Within the trial analysis, trial-
ists should plan a subgroup analysis of the primary outcome that 
includes key demographic variables that could modify treatment effect; 
and use evidence-based tools for analysis like the ICEMAN instrument 
for robust subgroup analysis.49 Adverse events should also be disaggre-
gated by sex.21 Finally, we call upon trialists and institutional leaders 
worldwide to increase the recruitment of trial participants from under- 
represented regions by collaborating to promote sustainable research 
development in LMICs. In the absence of trial representativeness or 
biological plausibility of different treatment or safety effects in an under- 
represented group, results should be applied to all demographic groups 
so that we do not doubly jeopardize underrepresented groups and 
deprive them of care.

Conclusion
The continued under-enrollment of older adults, children, women, 
BIPOC, and those from LMIC reduces the generalizability of high- 
quality RCTs, ultimately exacerbating existing health inequities 
that negatively impact these populations. Strategies at several levels 
—global, institutional, and trial—could facilitate more diverse partici-
pant enrollment (Graphical Abstract). Representativeness in CVD trials 
could ensure that estimates of treatment efficacy and safety are gener-
alizable, that subgroups are balanced and powered for meaningful ana-
lysis, and that there is high-quality evidence to guide 
treatment decisions in all people, ultimately creating a culture of health-
care justice in cardiology.
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Corrigendum to: Dual versus single antiplatelet therapy after transcatheter aortic valve replacement: a systematic review and meta-analysis

This is a corrigendum to: R Eikelboom, Y Qiu, K Kim, R Whitlock, E Belley-Cote, Dual versus single antiplatelet therapy after transcatheter 
aortic valve replacement: a systematic review and meta-analysis, European Heart Journal, Volume 43, Issue Supplement_2, October 2022, 
ehac544.2087, https://doi.org/10.1093/eurheartj/ehac544.2087

In the originally published version of this manuscript, Yuan Qiu’s last name was misspelled as “Qui”.

This error has now been corrected.
© The Author(s) 2023. Published by Oxford University Press on behalf of the European Society of Cardiology. All rights reserved. For permissions, please e-mail: 
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